CONVERSION FACTORS AND ABBREVIATED UNITS

INTRODUCTION
The Idaho National Engineering Laboratory (INEL) includes about 890 mi2 of the eastern Snake River Plain in southeastern Idaho ( fig. 1 ). The INEL was established in 1949 and is used by the U.S. Department of Energy to test different types of nuclear reactors. The INEL is one of the main centers in the United States for developing peacetime uses of atomic energy and is a leading center for nuclear safety research, defense programs, nuclear-waste technology, and development of advanced energy concepts. At the INEL, compounds containing trace elements such as chromium and mercury historically have been used as corrosion inhibitors or in the reprocessing of spent fuels. Additionally, large quantities of lead are used to insulate workers and the environment from radiation associated with reactor operation.
As part of sitewide characterization and monitoring programs, 683 water samples were collected from 179 ground-and surface-water sites (figs. 2-3) at and near the INEL during 1988-91 and were analyzed for selected trace elements to determine their occurrence and distribution. Concentrations of one or more of the Methods used in sampling for trace elements generally followed the guidelines established by Wood (1981) , Claassen (1982), and Feltz and others (1985) . Methods used in the field and quality assurance practices are outlined in following sections.
Sample Containers and Preservatives
Sample containers and preservatives were supplied by the NWQL. Acid-rinsed 500-mL polyethylene bottles were used to collect water samples for analysis of all the trace elements except mercury. Samples for analysis of mercury were collected in acid-rinsed 250-mL glass bottles. After the bottles were filled with water, 2 mL of nitric acid were added to the polyethylene bottles and 10 mL of a solution of nitric acid and potassium dichromate were added to the glass bottles to stabilize the trace elements.
Sampling Equipment and Decontamination Procedures
Production, domestic, commercial, irrigation, and drainage-disposal wells are equipped with dedicated pumps and were sampled from supply lines at the well head or water spigots downstream from pressure tanks and, therefore, did not require decontamination. Many of the ground-water-quality monitoring wells are equipped with dedicated submersible or piston pumps. To divert excess flow and facilitate sample collection, monitoring wells equipped with dedicated submersible pumps were fitted with a portable discharge line about 2.5 ft long. The discharge line is a 1.5 in. inside diameter (I.D.) galvanized-steel pipe equipped with a brass valve to control the flow rate. A galvanized-steel T-joint was inserted into the line between the well head and the control valve to divert flow for sampling. A brass valve was attached to the T-joint to control the flow rate at the sampling port, and a series of galvanized-steel pipes and connectors were attached to the T-joint to reduce the discharge line I.D. to 9/32 in. to accommodate a 9/32-in. I.D. stainless-steel delivery pipe. The 9/32-in. I.D. stainless-steel pipe was bent 90 degrees to facilitate sample collection. All fittings and pipes were rinsed with deionized water before installation at the well head. Monitoring wells equipped with dedicated piston pumps were sampled using a Teflon hose attached to a discharge port. Discharge lines and hoses subsequently were flushed with several hundred to thousands of gallons of water pumped from the well to minimize cross-contamination from previously sampled wells.
Wells completed in perched-water zones and the alluvial aquifer were sampled with bailers or portable pumps washed with hot water and detergent and rinsed with deionized water prior to installation in the wells.
Sample Collection
At wells equipped with dedicated pumps or at which portable pumps are used, a volume of water equivalent to a minimum of 3 wellbore volumes was pumped from each well to ensure that water representative of the aquifer was being sampled. At many wells, 5 to 10 wellbore volumes were pumped prior to collecting the samples. The diameter of the wellbore, rather than the volume of the casing, was used to calculate the minimum volume to be pumped because of the potentially large difference between the two.
1. The field person responsible for collecting the water sample wore disposable vinyl gloves and stood in a position where neither the collector nor the sample could become contaminated.
2. The outside of the stainless-steel delivery pipe was rinsed thoroughly with water pumped from the well.
3. If required, sample containers and filtration equipment were rinsed thoroughly with water pumped from the well before being used. A new 0.45-micron filter was installed in an acrylic holder and then rinsed with a minimum of 750 mL of water pumped from the well; this amount is sufficient to remove any surfactants that may adhere to the filters. As much as 500 mL of deionized water can be substituted for well water.
4. A peristaltic pump was used to supply an uncontaminated full-column flow of water to the filter apparatus. Water then drained through the filter into the sample container.
5. Sample continers were capped and moved into the mobile field laboratory where they were uncapped and preserved.
6. The containers were than recapped, sealed with laboratory film, and labeled.
7. A laboratory request schedule was completed for use by the laboratory to which the sample(s) were sent for analysis.
8. The water samples were chilled, if necessary, and stored in the field laboratory until they could be transferred to a secured storage area. Samples were transported to the laboratory for analysis as soon as reasonably possible. Samples sent to the NWQL for analysis were transported in a sealed ice chest by a contract carrier; overnight delivery was stipulated for samples to be analyzed for analyses of nutrients and purgeable organic compounds.
9. All equipment was decontaminated with deionized water or, if necessary, organic-free water.
Some wells completed in the perched-water zones did not contain or produce enough water to be sampled with a portable pump. For those wells, a 1,000-mL Teflon bailer, a 200-mL galvanized-steel bailer, or a 1,000-mL brass thief sampler rigged as a bailer was used for sample collection. The well was bailed until enough water was collected for all the samples required or until the well went dry.
When the bailer was retrieved, water for samples that did not require filtration was placed directly into sample containers; water for samples that required filtration was placed directly into a hand-operated filter unit. The 250-mL hand-operated filter unit contained a 0.45-micron membrane filter that was rinsed with a minimum of 50 mL of water from the well before the sample was filtered. After the sample bottles were filled with water, samples were preserved and labeled, stored, and shipped as described previously in steps 6-8.
Some wells completed in perched-water zones contained enough water to use a portable pump, but had such low recovery rates that the wells pumped dry before 2 or 3 wellbore volumes could be evacuated. For those wells, a sample was collected when specific conductance, pH, and water temperature measurements stabilized. If the well pumped dry before measurements could stabilize, the field person waited for the well to recover to collect a pumped or bailed sample. If the well did not recover, the field person collected a grab sample from a prerinsed bucket into which water was discharged during pumping. This procedure and other exceptions to commonly used collection procedures are described in a field logbook.
Added precautions were taken at wells that were sampled with a portable submersible pump or bailer. The concentrations of most contaminants are greatest in wells nearest disposal sites and the concentrations decrease with increasing distance from the disposal sites. Therefore, wells most distant from disposal sites were sampled first. This process of sampling minimized the potential for measurable amounts of crosscontamination of samples collected using portable equipment.
At surface water sites, a grab sample was collected in a precleaned container. The inlet part of a peristaltic pump was placed into the container to supply sample water to the filter in a manner similar to that described for collection of ground-water samples. Samples that did not require filtration were collected by submersing the sample container into the surface-water body and following appropriate procedures described previously in steps 1-8.
Conditions at the well during sample collection were recorded in ink in a bound field logbook, and a chainof-custody record was used to track samples from the time of collection until delivery to the laboratory. These records are available for inspection at the USGS Project Office at the INEL.
Quality Assurance
All samples were analyzed by the NWQL using methods prescribed by Skougstad and others (1979) and Barnett and Mallory (1981) . A detailed description of internal quality control and of the overall quality assurance practices used by the NWQL is provided in a report by Friedman and Erdmann (1982) . Additional quality assurance procedures instituted for this sampling program included: 60 blind replicates duplicate samples with a different sample identification number that were sent to the laboratory and 5 blank samples containing deionized water.
Concentrations of one or more trace elements in several blind replicates differed from concentrations in the original samples. Several blank samples contained concentrations of one or more trace elements. Analyses for blind replicate and blank samples are included in the tables to aid the reader in the interpretation of the sample data.
CONCENTRATIONS OF 23 TRACE ELEMENTS IN WATER
Nine of the 23 trace elements analyzed have maximum contaminant levels (MCL's) for total recoverable concentrations in drinking water as established by the U.S. Environmental Protection Agency (1991). MCL's and NWQL reporting levels for total recoverable and dissolved concentrations are shown on table 1. Concentrations of selected trace elements are shown on tables 2-4 at the end of this report; table 2 includes concentrations of total recoverable trace elements; table 3 includes concentrations of dissolved trace elements; and table 4 includes concentrations of total recoverable and dissolved chromium, and dissolved hexavalent chromium.
Data indicate that some water samples contained detectable concentrations of as many as 21 of the 23 trace elements, including aluminum, arsenic, barium, beryllium, bromide, cadmium, chromium, hexavalent chromium, cobalt, copper, iron, fluoride, lead, lithium, manganese, mercury, nickel, selenium, silver, strontium, vanadium, and zinc. Molybdenum and thallium were not detected in any sample. Except for chromium, the concentrations of total recoverable trace elements in water from all sites were less than the MCL's for drinking water established by the U.S. Environmental Protection Agency (tables 2-4). Water samples from 12 ground-water quality monitoring wells at the Test Reactors Area contained chromium concentrations equal to or greater than the maximum contaminant level of 50 ug/L. The largest concentration was 1,300 ^ig/L in two samples collected from well TRA A-77 in December 1989 and January 1990. Wells used for drinking-water supplies did not contain concentrations of trace elements that exceeded the maximum contaminant levels. 
SUMMARY
From 1988 through 1991,683 water samples were collected from 177 ground-and surface-water sites at and near the INEL and were analyzed for selected trace elements. Ground-water samples were collected from 148 wells completed in the Snake River Plain aquifer, 18 wells completed in discontinuous deep perchedwater zones, and 1 well completed in an alluvial aquifer. Surface-water samples were collected from three streams, two springs, two ponds, and one lake.
Unfiltered water samples were analyzed for concentrations of the following total recoverable trace elements: aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, selenium, silver, and zinc. Filtered water samples were analyzed for dissolved concentrations of these trace elements and, in some cases, for bromide, fluoride, lithium, molybdenum, strontium, thallium, and vanadium. Many samples also were analyzed for concentrations of dissolved hexavalent chromium. In general, a water sample was collected and analyzed for concentrations of either total recoverable or dissolved trace elements; however, at some locations, samples were collected and analyzed for both.
Methods used to collect the water samples and quality assurance procedures instituted for the sampling program are described in detail. A field logbook was maintained to record conditions at the well during sample collection, and a chain-of-custody record was used to track samples from the time of collection until delivery to the NWQL in Arvada, Colorado for analysis.
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